I observed and obtained video footage of swimming behavior in Metoporhaphis calcarata. The behavior is described and illustrated by tracings of video stills over a one-second interval. The fifth pereiopods do not end in paddles, as do those of crabs in Portunidae, but rather are fringed with pinnate setae. On the sea floor, these crabs can form a ''stockade'' consisting of the acute rostrum and a circle of thorns on the distal surfaces of the pereiopods.
INTRODUCTION
The false arrow crab, Metoporhaphis calcarata Say, 1818, lives among sea grasses, hydroids or fouling organisms in shallow waters along the northern Gulf of Mexico. This long-legged, slender and spider-like crab is difficult to see in its natural habitat. Wass (1955) reported that this species can swim by ''rhythmic waving of its long, setae-lined legs.' ' Hartnoll (1971) mentioned these crabs in his extensive work on swimming in Brachyura and included some observations made on them by R. Manning, United States National Museum of Natural History.
The most detailed studies of swimming have been performed on members of Portunidae (See Spirito, 1972; White and Spirito, 1973) . Swimming members of Portunidae have flattened segments of the legs. The fifth pereiopods have a specialized coxal-sternal articulation that enables a 90 degree rotation of these legs relative to the body. The fifth pereiopods end in flattened paddles. In M. calcarata, the thin, elongate legs end in sickle-shaped dactyls and do not rotate at a 90-degree angle.
I accidentally received two M. calcarata in a shipment of sea grasses and their associated fauna. In the aquarium, the crabs began swimming. I later obtained two M. calcarata from an aquarium supply company. These crabs are small, cryptic and generally not available in the aquarium trade. I took the opportunity to observe and obtain video footage of their behavior in an aquarium. I describe herein the swimming behavior of the false arrow crab and another behavior, the stockade. The crab was gently dropped from an aquarium net the surface of an aquarium 18 cm deep and allowed to gradually swim to the bottom. I also noted behavior when the crab remained on the bottom of the aquarium.
The video footage is of low resolution and not suitable for production of publication-quality video stills. I traced the actions of a crab from video stills over a one-second time frame and produced a series of simple line drawings demonstrating the action (Fig. 1 ). It was difficult to determine the position of a particular appendage in the video footage because the crab was moving its appendages in three dimensions. The footage has poor depth of field. Pereiopods 4-5 at times were bent posteriorly and thus appeared shortened or partially obscured by the anterior appendages. The second pereiopods (first ambulatory legs) of M. calcarata are considerably longer than the other appendages and, when extended anteriorly, were particularly prominent in the drawings. I illustrated the distal segments of the second pereiopod of a large M. calcarata (catalog number 2-9394) from the Texas Cooperative Wildlife Collection at Texas A&M University (Fig. 2) .
RESULTS
The crab required 14 seconds to drop from the surface to the bottom of the aquarium, thus covering 12.9 mm/sec. During this time, the chelipeds (first pereiopods) were hanging beneath the crab and did not participate in swimming activity. Swimming began almost as soon as the crab was dropped from the net. In general, while pereiopods 2-5 were flexed on one side of the body, they were extended on the other, especially pereiopod 2. Fig. 1 shows the sequence of swimming during a one-second interval. Swimming was vigorous. The appendages were not all bent in one plane but instead moved in three dimensions. Active swimming ceased as soon as one of the appendages contacted a solid surface. The crab appeared to reach for the surface and spread its appendages for ''touch down.'' If disturbed again, the crab could push off from the bottom of the aquarium and swim upward as well as laterally. The crabs were not observed to swim without being dropped. If a crab were disturbed while on the bottom of the aquarium, it could crawl away. If the crab was poked repeatedly, it withdrew all the legs in a fashion similar to that of a true spider (class Arachnida). See Wirtz et al. (2009, fig. 2 ) for a photograph of M. calcarata with the legs partially folded. The thorns at the distal border of the merus of pereiopods 2-5 (Fig. 2) , along with the sharp rostrum, when seen from above, formed a circle of spines with the shape of a stockade. Hartnoll (1971) summarized swimming behavior in Brachyura. The best-known swimming brachyurans belong to Portunidae. These crabs often have relatively flattened segments of the second to fifth pereiopods and fifth pereiopods that end in flat paddles. The coxal-sternal joint of the fifth pereiopod has a horizontal axis and a relatively increased range of movement of articulation between the coxa and basi-ischium and carpus and propodus, allowing the pereiopod to be stretched over the back of the crab (Hartnoll, 1971) . White and Spirito (1973) conducted a detailed study of the anatomy and physiology of the fifth pereiopod in Callinectes sapidus Rathbun, 1896. They pointed out further details of the unusual placement of the basi-ischial and meral articulation in this pereiopod and the musculature and enervation related to their role in swimming. Hartnoll (1973) noted that spider crabs (as Majidae, now Inachidae and related families) that can swim have small bodies and long legs with little special modification for swimming. His description of swimming in Macropodia tenuirostris (Leach, 1814) (as M. longirostris Carrington and Lovett, 1881) and M. rostrata (Linnaeus, 1761) seems to be similar to what occurs in Metoporhaphis calcarata. The text is not accompanied by any illustrations. However, according to Hartnoll, the two species of Macropodia, swim ''by beating the chelae'' as well as the four pairs of ambulatory legs. Metoporhaphis calcarata was not observed to move the chelae while swimming. Hartnoll speculated that the pinnate setae of the legs of M. calcarata would assist the crab in swimming in the same way as similar setae described in Hymenosomatidae. In that family, the paired rows of ventro-lateral setae tend to fold together on the upward recovery stroke ''for least resistance,'' and then spread out on the downward stroke they spread out ''to drive the crab upwards.'' My video footage is not sufficiently detailed to see the position of these setae during swimming, Hartnoll (1971) reported seeing swimming in the arrow crab, Stenorhynchus debilis (Smith, 1871) . I have not observed this activity, but I have seen one spread its legs and ''parachute'' to the sea floor after being dropped from a diver's hand. This activity may be hazardous to the crab. The observed crab was snatched and eaten by a snapper (Lutjanidae) before it reached safety. I have seen similar ''parachuting'' in the crabs Camposcia retusa Latreille, 1829 kept in an aquarium and in juveniles of the moss crab, Loxorhynchus crispatus Stimpson, 1857 (Pisidae) in its natural habitat off northern California, but neither of these species has been observed to swim.
DISCUSSION
Metoporhaphis calcarata is not known to be pelagic during any part of its life cycle past the megalops stage. It seems likely, as suggested by Hartnoll (1971) that its swimming behavior normally would occur as an escape reaction. I have not observed this species to feed while swimming. Hartnoll (1971) listed six morphological adaptations used in swimming by brachyurans. Of these, M. calcarata demonstrates an increase in length of the appendages and extensive development of setation. Like other swimming crabs, M. calcarata has long, finely pinnate setae in welldefined rows (Fig. 2) . Pelagic copepods also have setose appendages, offering a high resistance to sinking (Brusca and Brusca, 2002) . Metoporhaphis calcarata seems to have a wide cone of movement at the articulation of the coxa with the basi-ischium. The action of this articulation was not directly observed during this study, but many spider crabs have a great deal of flexibility in these joints. This flexibility could not be studied in preserved specimens because the articulations are rigid and break easily. The long, spider-like legs of M. calcarata do not support the dense musculature found in the fifth pereiopods of portunid crabs.
When the pereiopods are drawn tightly against the body in the form of a stockade, the crab becomes a ''crown of thorns.'' This behavior probably is defensive. With only four live crabs, I was unable to test the effectiveness of this behavior against predators. In the sea grass beds in which my specimens were collected, one cannot observe these crabs in life without coming so close to them as to disrupt any normal behavior.
I have casually observed other members of Inachidae (Achaeus spp., Erileptus spinosus Rathbun, 1893, Camposcia retusa, Podochela hemphilli (Lockington, 1877), P. sidneyi Rathbun, 1924 , Stenorhynchus seticornis (Herbst, 1788) , and S. debilis) underwater or in aquaria. If disturbed, these huddle tightly on the sea floor, remain motionless and camouflaged or attempt to hide in a crack or hole. Stenorhynchus spp. can huddle with their appendages tightly folded against the body, but they do not have thorns on the meri of the pereiopods and do not form a stockade. Some long-legged species of the Homolidae have such meral thorns. (See, for example, Guinot and Richer de Forges, 1981, figs. 2A, Fig. 7 A, B, C, C1 ; pl. V-1, pl. VII-2). These crabs also might use stockade behavior as a form of defense.
